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We Have Come a Long Way withWe Have Come a Long Way with
OrdnanceOrdnance

Vfrag

tfuze

Detect

FIREVclosing

1800’s

1990’s

2000’s

Simple Fuze and
Warhead
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Control and Warhead

Function

Adaptable Ordnance
System

• Precision
• Penetration

• Blast
• Multiple Effects



What is an Ordnance System?What is an Ordnance System?

Ordnance SystemOrdnance System
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What is the Challenge with anWhat is the Challenge with an
Ordnance System?Ordnance System?

nn Effective and Timely Integration of a Weapon System and itsEffective and Timely Integration of a Weapon System and its
Ordnance System to Achieve Required LethalityOrdnance System to Achieve Required Lethality

nn To Tailor Ordnance Systems to Provide Required Lethal EffectsTo Tailor Ordnance Systems to Provide Required Lethal Effects
on the Targeton the Target

Exploit 
Specific 
Target 

Vulnerabilities

Cost 
Effective

Maximize Target
Damage While

Minimizing
Collateral When

 Necessary

Be Safe 
&

Insensitive

Be Producible
&

Reliable



System Performance ConsiderationsSystem Performance Considerations

Functions
• System Control
• Target Acquisition
• Guidance Accuracy
• Terminal Conditions
Interface with Ordnance
• Structural
• Electrical

Weapon
System

Target
Set

Lethal Mechanisms
• Blast
• Fragmentation
Interface with Weapon System
• Structural
• Electrical

Ordnance
System

• Geometry
• Construction Materials
• Critical Components
• Vulnerable Areas
• Kill Criteria



Ability to develop Measures of Effectiveness (MOE) andAbility to develop Measures of Effectiveness (MOE) and
evaluate weapon system performance at the platform and forceevaluate weapon system performance at the platform and force

levellevel

Accuracy
Weapon Systems

Endgame

X X =Ph
Accuracy

• Seeker Type
• Fuze Sophistication

Pd/h
Damage Criteria

• Kill Mechanisms
• Target Construction
• Target Responses

Pk/dPk/d
Kill CriteriaKill Criteria

• Defensive Objectives
• Engagement Proximity
• Defensive Objectives
• Engagement Proximity

Pk
Effectiveness

• System Analysis
• Evaluation & Comparison

Lethality

Kill Criteria

Damage Criteria
Target Vulnerability

System EffectivenessSystem Effectiveness

Ability to Develop Measures of Effectiveness (MOE) and Evaluate Weapon
System Performance at the Platform and Force Level

Defensive Objectives



Typical Ordnance System EngineeringTypical Ordnance System Engineering
ProcessProcess
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Performance Test

Performance Test

•• WarheadWarhead
•• Energetic FillEnergetic Fill
•• Fuze Fuze / S&A/ S&A
•• TDDTDD

•• Target DamageTarget Damage
•• Damage CouplingDamage Coupling
•• Effectiveness AnalysesEffectiveness Analyses

•• Size, WeightSize, Weight
•• InterfacesInterfaces
•• Terminal ConditionsTerminal Conditions

System 
Effectiveness

Data

Requirements
Validation



Ordnance System Design ParametersOrdnance System Design Parameters

§§ Warhead TypeWarhead Type
§§ Blast / FragmentingBlast / Fragmenting
§§ PenetratorPenetrator
§§ Shaped ChargeShaped Charge
§§ Explosive Formed PenetratorExplosive Formed Penetrator
§§ Combined EffectsCombined Effects
§§ AdaptableAdaptable

§§ Fragment ControlFragment Control
§§ SizeSize
§§ VelocityVelocity
§§ Distribution (Spatial & Mass)Distribution (Spatial & Mass)
§§ Initiation MethodInitiation Method

§§ Burst Point ControlBurst Point Control
§§ Fuzing / Target Detection DeviceFuzing / Target Detection Device

§§ProximityProximity
§§PenetratingPenetrating

§§ Safe & ArmSafe & Arm
§§ Weapon System Terminal ConditionsWeapon System Terminal Conditions
§§ Angles / OrientationAngles / Orientation
§§ VelocityVelocity
§§ AccuracyAccuracy

§§ Energy Coupling into TargetEnergy Coupling into Target
§§ Maximize Transfer of Lethal EnergyMaximize Transfer of Lethal Energy

§§ Insensitive Munitions / SafetyInsensitive Munitions / Safety
§§ Case MaterialsCase Materials
§§ ExplosivesExplosives
§§ GeometryGeometry
§§ Storage ConfigurationStorage Configuration

§§ Explosive CharacteristicsExplosive Characteristics
§§ BlastBlast
§§ Metal AcceleratorMetal Accelerator
§§ SurvivableSurvivable

§§ Material CharacteristicsMaterial Characteristics
§§ Strength / DuctilityStrength / Ductility
§§ BrittlenessBrittleness
§§ ThermalThermal
§§ IncendiaryIncendiary

Available Parameters Allow Flexibility
And Adaptability in Ordnance System 

Design and Upgrade

Available Parameters Allow Flexibility
And Adaptability in Ordnance System 

Design and Upgrade



Example: Warhead TypeExample: Warhead Type

nn Blast-fragmenting WarheadBlast-fragmenting Warhead
–– Controlled FragmentationControlled Fragmentation

»» MassMass
»» VelocityVelocity
»» DistributionDistribution
»» FuzingFuzing for Burst Control Point for Burst Control Point

nn Penetrating WarheadPenetrating Warhead
–– Penetration Integrity of Warhead CasePenetration Integrity of Warhead Case
–– Explosive BlastExplosive Blast
–– Explosive SurvivabilityExplosive Survivability
–– FuzingFuzing for Burst Point Control for Burst Point Control

nn Shaped ChargeShaped Charge
nn Explosively Formed Explosively Formed PenetratorPenetrator
nn Combined Effects WarheadCombined Effects Warhead

–– All of the Above – Choose OptimizedAll of the Above – Choose Optimized
Design to Meet Mission RequirementsDesign to Meet Mission Requirements

nn AdaptableAdaptable
–– Selectable OutputSelectable Output Surface Effects Surface Effects 

WarheadWarhead
Penetrating Penetrating 

WarheadWarhead

Basic Warhead Type Selected to Optimize System Lethality RequirementsBasic Warhead Type Selected to Optimize System Lethality Requirements



 Example: Fragment Control Example: Fragment Control

T= 50µs

T= 25µs

T= 0µs

Case ExpansionCase Expansion

Predict Fragment Initial VelocityPredict Fragment Initial Velocity
and Mass Distributionand Mass Distribution

M
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V
R

Normalized Case Velocity forNormalized Case Velocity for
Cylinder as a Function of C/MCylinder as a Function of C/M

GurneyGurney
Initial CaseInitial Case

VelocityVelocity

Hydrodynamic Codes Provide Excellent Tool to Model Explosive
Events and Reduce Test Costs

Hydrodynamic Codes Provide Excellent Tool to Model Explosive
Events and Reduce Test Costs



 Example: Burst Point Control and Example: Burst Point Control and
End Game OptimizationEnd Game Optimization

Optimal Burst Point Selection and End Game are Key to
Depositing Lethal Effects on Target

Vfrag
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DETECT

FIRE
Vclosing



Example: Fragment Control &Example: Fragment Control &
Terminal ConditionsTerminal Conditions

Multiple System Parameters Affect Kill Level (PK)Multiple System Parameters Affect Kill Level (PK)
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Example: Terminal Conditions andExample: Terminal Conditions and
Material CharacteristicsMaterial Characteristics

nn Penetration Greatly Affected byPenetration Greatly Affected by
nn Terminal Velocity and GeometryTerminal Velocity and Geometry
nn Warhead Weight / Presented AreaWarhead Weight / Presented Area

(W /A)(W /A)
nn Target CompositionTarget Composition

nn Warhead Material SelectionWarhead Material Selection
Critical for PerformanceCritical for Performance
nn High StrengthHigh Strength
nn Low ErosionLow Erosion

nn Fuzing Fuzing Critical for Optimal BurstCritical for Optimal Burst
PointPoint
nn High G Load High G Load SurvivablitySurvivablity
nn Time or Cavity CountingTime or Cavity Counting

nn Energetic Fill and FragmentationEnergetic Fill and Fragmentation
Maximize Target DamageMaximize Target Damage
nn Blast EffectsBlast Effects
nn Fragmentation DamageFragmentation Damage00
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Example: Optimization of EnergyExample: Optimization of Energy
CouplingCoupling

High Energy CouplingHigh Energy CouplingMinimal Energy CouplingMinimal Energy Coupling

Energy Coupling – Vastly Different Damage LevelsEnergy Coupling – Vastly Different Damage Levels



 Example: Insensitive Munitions (IM) Example: Insensitive Munitions (IM)

Fragment Impact

Sympathetic Detonation 
Modeling SelectSelect

nn Case MaterialCase Material

nn ExplosiveExplosive

nn GeometryGeometry

nn Storage ConfigurationStorage Configuration

• Acceptor Detonated
• No Large Debris Found

No Detonation

Munitions are Designed to be Insensitive for SafetyMunitions are Designed to be Insensitive for Safety



Example: Effectiveness ImplicationsExample: Effectiveness Implications

Blast Effects
Catastrophic Kill

Blast/Multiple Fragment Effects
Catastrophic/Recognizable Kills

Single Fragment Effects
Possible Mission Kills

Lethal Radii

Kill Maximized by Using Multiple Damage MechanismsKill Maximized by Using Multiple Damage Mechanisms



Example:  Effectiveness AgainstExample:  Effectiveness Against
Bunkered TargetBunkered Target
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Each Target is Unique-Design Must be Appropriate for Multiple TargetsEach Target is Unique-Design Must be Appropriate for Multiple Targets



SummarySummary
 Ordnance Design Requires System Engineering Ordnance Design Requires System Engineering

nn Integration of the Ordnance and Weapon SystemIntegration of the Ordnance and Weapon System
to Maximize System Effectivenessto Maximize System Effectiveness

nn Optimal Combination of Ordnance SystemOptimal Combination of Ordnance System
Components for Target SetComponents for Target Set

nn Adaptability of Ordnance System Components forAdaptability of Ordnance System Components for
Individual TargetsIndividual Targets

nn Efficiency in TestingEfficiency in Testing
nn Flexibility for Evolving Weapons Systems andFlexibility for Evolving Weapons Systems and

ThreatsThreats


